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1038-259 MIS 442 1991 12 05 Dl 
PRODUCTION OF RECOMBINANT CHIMERIC PROTEINS 
FOR VACCINE USE 
The present invention relates to the engineering 
and expression of chimeric genes, particularly those 
5 containing sequences from the genes coding for the major 
immunogenic proteins of both human Parainfluenza virus 
(PIV) and Respiratory syncytial virus (RSV) . The 
present invention also relates to the formulation of 
various recombinant PIV/RSV immunogens to produce safe 
10 and efficacious vaccines capable of protecting infants 
and young children against infection with both PIV and 
RSV. 

Human Parainfluenza virus types 1, 2, 3 and 
Respiratory syncytial virus types A and B are the major 

15 viral pathogens responsible for causing severe 
respiratory tract infections in infants and young 
children. Safe and effective vaccines for protecting 
infants against these viral infections are not available 
and are urgently required. It is anticipated that the 

20 development of a single recombinant immunogen capable of 
simultaneously protecting infants against infection with 
both Parainfluenza and Respiratory syncytial viruses 
could significantly reduce the morbidity and mortality 
caused by these viral infections. 

25 Identification of the major immunogenic proteins of . 

RSV and PIV has provided the scientific basis for 
designing the chimeric RSV/PIV immunogens described 
herein. It has been reported that a protective response 
is contingent on the induction of neutralizing 

30 antibodies against the major viral surface 
glycoproteins. For PIV, these protective immunogens are 
the HN protein which possesses both hemagglutination and 
neuraminidase activities and the fusion (F) protein, 
which is responsible for both fusion of the virus to the 

35 host cell membrane and cell-to-cell spread of the virus. 
For RSV, the two major immunogenic proteins are the 80- 
90 kDa G glycoprotein and the 70 kDa fusion (F) protein. 
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The G and F proteins are thought to be functional^ 
analogous to the PIV HN and F proteins, respectively. 

In accordance with the present invention, the 
inventors have specifically engineered several model 
5 PIV/RSV chimeric genes containing relevant sequences 
from selected genes coding for the PIV-3 and RSV surface 
glycoproteins. All genes in the chimeric constructs 
were obtained from recent clinical isolates of PIV-3 and 
RSV. The chimeric gene constructs include gene 

10 sequences from either PIV-3 F or HN genes linked to 
either RSV G (subtypes A and B) or F genes in all 
possible relative orientations and combinations. 

The constructs may consist of either the entire 
gene sequences or gene segments coding for immunogenic 

15 epitopes thereof. In addition, the present invention 
also includes trimeric gene constructs containing the 
PIV and RSV genes or gene segments linked in all 
possible relative orientations. For example: 
F PIV " HN PIV - F or G RSV 

20 FpiV " F RSV * G RSV 

HN PIV " F RSV - Grsv 
The chimeric and trimeric genes are sub-cloned into 
appropriate vectors for expression in both mammalian and 
insect cells. Alternatively, recombinant poxviruses and 

25 transformed mycobacteria (BCG) can be used for 
immunization. Chimeric PIV/RSV proteins present in 
either the supernatants or cell lysates of transfected 
cells then are purified by a combination of conventional 
chromatographic procedures. To evaluate the 

30 immunogenicity and protective ability of the combinant 
proteins, guinea pigs, hamsters and cotton rats are 
immunized with either recombinant BCG or poxviruses or 
with varying doses of the purified chimeric PIV/RSV 
proteins administered in the presence of an appropriate 

3 5 adjuvant, such as aluminum phosphate. In an attempt to 
further enhance the immunoprotective ability of the 



chimeric proteins, the recombinant antigen may contain 
or be supplemented with other immunogenic proteins of 
PIV and RSV produced either by genetic engineering 
techniques or purified from the virus by a series of 
chromatographic procedures. The final vaccine 

preparation, when formulated with aluminum phosphate as 
an adjuvant, can be used as a readily injectable 
preparation for protecting humans against infection with 
both PIV-3 and RSV. The invention also includes the use 
of delivery systems, such as iscoms and liposomes, as 
well as adjuvants other than aluminum phosphate. The 
effectiveness of the invention is not limited to the 
preparation of recombinant chimeric PIV-3 and RSV 
proteins, but is applicable to the production of 
chimeric immunogens composed of either the entire 
sequences or regions of the major immunogenic regions 
from other Paramyxoviruses linked in tandem. 

EXAMPLES 

Methods for cloning and sequencing the PIV-3 and 
RSV genes as well as the procedures for sub-cloning the 
genes into appropriate vectors and expressing the gene 
constructs in mammalian and insect cells are not 
explicitly described in this disclosure but are well 
within the scope of those skilled in the art. The 
drawings which accompany and form part of this 
specification are referred to in the Examples. 
Example 1 : 

This Example outlines the strategy used to clone 
and sequence the PIV-3 F, HN and RSV F genes. These 
genes were used in the construction of the Fpjv-3" 
F RSV and F RSV~ HN PIV-3 chimeric genes detailed in 
Examples 2 to 4 and Example 8, respectively. 

Two PIV-3 F gene clones were obtained from cDNA 
derived from viral RNA extracted from a recent clinical 
isolate of PIV-3. The PIV-3 HN and RSV F genes were 
cloned from a cDNA library prepared from mRNA isolated 



10 



15 



20 



from MRC-5 cells infected with clinical isolates\ 

either PIV-3 or RSV. The Piv-3 f hm * » 

ine fiV-3 F , HN and RSV F qene 

clones were sequenced by the dideoxynucleotide chain 
teriunatxon procedure. Sequencing of both strands of 
the genes was perform by a combination of n anuai and 

automated sequencing. 

The nucleotide and amino acid sequences of the Piv- 

LJ TV" PrSSented in Fi ^ re * ««t the restriction 
«P of the gene is outlined in Figure 2. sequence 
analyses of the 1844 nucleotides of two PC R amplified 
PIV-3 F gene clones confirmed that the clones were 
identxcal. Comparison of the coding sequence of the 
PCR-amplified PXV-3 F gene clone with that of thl 
publxshed Piv-3 F gene sequence revealed a 2 6 % 
divergence in the coding sequence between the two genes 
resulting in 14 amino acid substitutions. 

Figure 3 shows the nucleotide and amino acid 
sequences pf the piv-3 HN gene and the restriction map 
of the gene is presented in Figure 4. Analysis of the 
1833 nucleotide sequence from two non-PCR amplified HN 
clones confirmed that the sequences were identical. a 
4.4% divergence in the coding sequence of the Piv-3 HN 
gene was noted when the sequence was compared to the 

25 lTsuTT P1V ' 3 HN C ° ding SeqUenCe ' This divergence 
25 resulted m 17 amino acid substitutions in the coding 

sequence of the non-PCR amplified Piv-3 HN gene 

The nucleotide and amino acid sequences of the RSV 

F gene is reported in Figure 5 and the restriction map 

of the g ene is shown in Figure 6< ^ 

30 nucleotide sequence from two RSV f clones verified 
complete sequence homology between the two clones 
Comparison of this nucleotide sequence with that 
reported for the RSV F gene revealed approximately 1.8% 
divergence in the coding sequence resulting in 11 amino 

35 acid substitutions. 

The full-length Piv-3 F/ HN and RSV F genes were 



cloned into the multiple cloning site of a Bluescript- 
based vector either by blunt end ligation or using 
appropriate linkers. The cloning vectors containing the 
PIV-3 F, HN and RSV F genes were named pPIVF, pPIVHN and 
pRSVF, respectively. 
Example 2 : 

This Example illustrates the construction of a 
Bluescript-based expression vector containing the 
chimeric F PIV - 3 -F RSV . This chimeric gene construct 
contained the 5 ' -untranslated region of the PIV-3 F gene 
but lacked the hydrophobic anchor and cytoplasmic 
domains of both the Piv-3 and RSV F genes. 

To prepare the PIV-3 portion of the chimeric gene, 
the full-length PIV-3 gene lacking the transmembrane 
coding region and cytoplasmic tail was retrieved from 
plasmid pPIVF by cutting the polylinker with EcoRV and 
the gene with BsrI. A BsrI-BamHI oligonucleotide 
cassette (Fig. 7A) containing a PpuMI site and three 
successive translational stop codons was ligated to the 
truncated 1.6 Kb EcoRV-BsrI PIV-3 F gene fragment and 
cloned into the EcoRV-BamHI sites of a bluescript based- 
expression vector containing the human methallothionein 
promoter and the poly A and IVS sequences of the SV4 0 
genome to generate plasmid pMEl. 

To engineer the RSV F gene component of the 
chimeric construct, the RSV F gene lacking the 
transmembrane coding region and cytoplasmic tail was 
retrieved from plasmid pRSVF by cutting the polylinker 
with EcoRI and the gene with BspHI. A synthetic BspHI- 
BamHI oligonucleotide cassette (Fig. 7B) containing 
three successive translational stop codons was ligated 
to the 1.6 Kb truncated RSV F gene and cloned into the 
EcoRI -BamHI sites of the Bluescript-based expression 
vector to produce plasmid ES13A. Plasmid ES13A was then 
cut with EcoRI and PpuMI to remove the leader and F2 
coding sequences from the truncated RSV F gene. The 
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leader sequence was reconstructed using an EcoRI-Ppu* 
oligocassette (Fig. 7C) and ligated to the RSV Fl gene 
segment to generate plasmid ES23A. 

To prepare the chimeric Fpiv-3-FRgv gene, 
5 containing the 5 9 -untranslated region of the PIV-3 F 
gene linked to the truncated RSV Fl gene fragment, 
plasmid pMEl (containing the 1.6 Kb truncated PIV-3 F 
gene) was first cut with PpuMI and BamHI. The 6.2 Kb 
PpuMI-BamHI restricted pMEl vector was dephosphorylated 

10 with intestinal alkaline phosphatase. The 1.1 Kb RSV Fl 
gene fragment was retrieved from plasmid ES2 3A by 
cutting the plasmid with PpuMI and BamHI . The 1.1 Kb 
PpuMI-BamHI RSV Fl gene fragment was cloned into the 
PpuMI-BamHI sites of the dephosphorylated pMEl vector to 

15 generate plasmid ES29A. This chimeric gene construct 
contained the 5 ' -untranslated region of the PIV-3 f gene 
but lacked the hydrophobic anchor domains and 
cytoplasmic tails of both the PIV-3 and RSV F genes. 
Example 3 : 

2 0 This Example illustrates the construction of a 

Bluescript-based expression vector containing the PIV-3 
F gene lacking both the 5 ' -untr ans lated and 
transmembrane anchor regions. 

Plasmid pPIVF containing the full length PIV-3 F 

25 gene was cut with BamHI, blunt ended with Klenow 
polymerase and then cut with BsrI to remove the 
transmembrane coding region and cytoplasmic tail. The 
Bluescript-based expression vector (containing the human 
methallothionein promoter and poly A and IVS sequences 

30 of the SV40 genome) was cut with Smal and BamHI. A 
synthetic BsrI-BamHI oligonucleotide cassette (Fig. 7D) 
containing a translational stop codon was ligated with 
the 1.6 Kb blunt ended-Bsrl PIV-3 F gene fragment to the 
4.5 Kb Smal (blunt ended) -BamHI restricted expression 

3 5 vector to produce plasmid pMpFB. The PIV-3 F gene of 

this construct lacked the transmembrane coding region 



but contained the 5 ' -untranslated region. To engineer a 
plasmid containing the PIV-3 F gene devoid of both the 
5 ' -untranslated region and the hydrophobic anchor 
domain, plasmid pMpFB was cut with EcoRI and BstBI . An 
EcoRI-BstBI oligocassette (Fig. 7E) containing the 
sequences to reconstruct the signal peptide and coding 
sequences removed by the EcoRI -BstBI cut was ligated to 
the 6.4 Kb EcoRI-BstBI restricted pMpFB vector to 
produce plasmid pMpFA. The PIV-3 F gene of this 
construct lacked both the 5 ' -untranslated region and the 
3 ' -transmembrane anchor domain. 
Example 4 : 

This Example illustrates the construction of the 
chimeric Fpiv-3~ F RSV gene composed of the truncated PIV- 
3 F gene devoid of the 5 ' -untranslated region linked to 
the truncated RSV Fl gene. 

To prepare this chimeric gene construct, plasmid 
ES2 9A (Example 2) was cut with BstBI and BamHI to 
release the 2.4 Kb BstBI -BamHI PIV-3 F2 + 1-RSV Fl 
chimeric gene fragment. This BstBI -BamHI chimeric gene 
fragment was isolated from a low melting point agarose 
gel and cloned into the BstBI -BamHI sites of the 
dephosphorylated vector pMpFA to produce plasmid ES60A. 
This construct contained the PIV-3 F gene lacking both 
the 5 ' -untranslated region and the hydrophobic anchor 
sequence linked to the Fl coding region of the 
truncated RSV F gene. This chimeric gene was 
subsequently subcloned into the baculovirus expression 
vector (detailed in Example 5) . 
Example 5 : 

This Example illustrates the construction of the 
modified pAc 610 baculovirus expression vector 
containing the native polyhedrin promoter and the 
chimeric Fpiv-3-FRsv 9 e ^e consisting of the PIV-3 F gene 
lacking both the 5 ' -untranslated and transmembrane 
coding sequences linked to the truncated RSV Fl gene. 
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The pAc 610 baculovirus expression vector waS 
modified to contain the native polyhedrin promoter ifi\ 
the following manner. Vector pAc 610 was cut with EcoRV 
and BamHI. The 9.4 Kb baculovirus expression vector 
5 lacking the EcoRV-BamHI DNA sequence was isolated from. a 
low melting point agarose gel and treated with 
intestinal alkaline phosphatase. In a 3-way ligation, 
an EcoRV-EcoRI oligonucleotide cassette (Fig. 8) 
containing the nucleotides required to restore the 

10 native polyhedrin promoter was ligated with the 1.6 Kb 
EcoRI -BamHI truncated RSV F gene fragment isolated from 
construct ES13A and the EcoRV-BamHI restricted pAc 610 
phosphatased vector to generate plasmid ES47A. To 
prepare the pAc 610 based expression vector containing 

15 the chimeric Fpiv-3-FRsv gene, plasmid ES47A was first 
cut with EcoRI and BamHI to remove the 1.6 Kb truncated 
RSV F gene insert. The 2.5 Kb Fpiv-3-FRsV chimeric gene 
was retrieved by cutting plasmid ES60A with EcoRI and 
BamHI. The 2.5 Kb EcoRI-BamHI chimeric gene was ligated 

20 to the 7.7 Kb ES47A vector restricted with EcoRI-BamHI 
to generate plasmid pAc DR7-8. 
Example 6 '; 

This Example outlines the preparation of plaque 
purified recombinant baculoviruses containing the 

25 chimeric Fpiv-3-FRsv gene. 

Spodoptera frugiperda (Sf9) cells were co- 
transfected with 10 /ig wild-type AcMNPV DNA and 2.5 fig 
of Fpiv-3" F RSV plasmid DNA (construct DR7-8) • Putative 
recombinant baculoviruses (purified once by serial 

3 0 dilution) containing the Fpjv-3~ F RSV chimeric gene were 
identified by dot-blot hybridization. Lysates of insect 
cells infected with the putative recombinant 
baculoviruses were probed with the 32 P-labelled Fpiv-3- 
Frsv chimeric gene insert. Recombinant baculoviruses 

35 were plaque-purified twice before being used for 
expression studies. All procedures were carried out 
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according to the protocols outlined by Summers and Smith 
in "A Manual of Methods for Baculovirus Vectors and 
Insect Cell Culture Procedures". 
Example 7 ; 

This Example illustrates the presence of the 
chimeric Fpjy-3 - F RSV protein in supernatants and cell 
lysates of infected Sf9 cells. 

Insect cells were infected with the plaque purified 
recombinant baculoviruses at a MOI of 8. Concentrated 
supernatants from cells infected with the recombinant 
viruses were positive in a PIV-3 F specific ELISA. In 
addition, when lysates from 35 S methionine labelled 
infected cells were subjected to SDS-polyacrylamide gel 
electrophoresis and gels were analyzed by 
autoradiography, a strong band with expected MW of 90 
kDa was present in lysates of cells infected with the 
recombinant viruses but was absent in the lysates from 
wild type infected cells* The presence of the chimeric 
F PIV-3 ~ F RSV protein in the lysates of cells infected 
with the recombinant baculoviruses was further confirmed 
by Western blot analysis using anti-PIV-3 F and anti-RSV 
F monospecific antisera and/or monoclonal antibodies. 
Lysates from cells infected with the recombinant 
baculoviruses reacted with both anti-PIV-3 and anti-RSV 
antisera in immunoblots. As shown in the immunoblot of 
Fig. 9, lysates from cells infected with either the RSV 
F or f piv-3~ f RSV recombinant baculoviruses reacted 
positively with the anti-F RSV Mab. As expected, 
lysates from cells infected with wild type virus did not 
react with this Mab. In addition, only lysates from 
cells infected with the chimeric f piv-3~ f RSV recombinant 
viruses reacted with the anti-PIV-3 F^ antiserum. 
Example 8 : 

This Example illustrates the construction of a 
baculovirus expression vector containing the chimeric 
F RSV" HN PIV-3 g^ne consisting of the truncated RSV F and 



PIV-3 HN genes linked in tandem. In this baculov" 
expression vector, designated pD2 , the polyhedrin A 
start codon was converted to ATT and the sequence CCG 
was present downstream of the polyhedrin gene at 
positions + 4 , 5, 6. Insertion of a structural gene 
several base pairs downstream from the ATT codon is 
known to enhance translation. 

To engineer the F RSV -HNp IV -3 gene, the RSV F gene 
lacking the transmembrane coding region was retrieved 
from plasmid pRSVF by cutting the polylinker with EcoRI 
and the gene with BspHI . The PIV-3 HN gene devoid of 
the hydrophobic anchor domain was retrieved from plasmid 
pPIVHN by cutting the gene with BspHI and the polylinker 
with BamHI. The 1.6 Kb EcoRI-BspHI RSV F gene fragment 
and the 1.7 Kb BspHI -BamHI PIV-3 HN gene fragments were 
isolated from low melting point agarose gels. For 
cloning purposes, the two BspHI sites in the Bluescript- 
based mammalian cell expression vector containing the 
human methallothionein promoter and poly A and IVS 
sequences from the SV4 0 genome were mutated. Mutations 
were introduced in the BspHI sites of the vector by 
cutting the expression vector with BspHI, treating both 
the 1.1 Kb BspHI restricted vector and the 1.1 Kb 
• fragment released by the BspHI cut with Klenow 
polymerase and ligating the blunt-ended 1.1 Kb fragment 
to the blunt-ended Bluescript-based expression vector to 
generate plasmid pM. Since insertion of the 1.1 Kb 
blunt-end fragment in the mammalian cell expression 
vector in the improper orientation would alter the amp r 
gene of the Bluescript-based expression vector, only 
colonies of HB101 cells transformed with the pM plasmid 
DNA with the 1.1 Kb blunt-ended fragment in the proper 
orientation could survive in the presence of ampicillin. 
Plasmid DNA was purified from ampicillin-resistant 
colonies of HB101 cells transformed with plasmid pM by 
equibrium centrif ugation in cesium chloride-ethidium 



bromide gradients. The 1.6 Kb EcoRI-BspHI RSV F and 1.7 
Kb BspHI-BamHI PIV-3 HN gene fragments were ligated via 
the BspHI site and cloned into the EcoRI -BamHI sites of 
vector pM to generate plasmid pM RF-HN. To restore 
specific coding sequences of the RSV F and PIV-3 HN 
genes removed by the BspHI cut, a BspHI-BspHI 
oligonucleotide cassette (Fig. 10) containing the 
pertinent RSV F and PIV-3 HN gene coding sequences was 
ligated via the BspHI site to the BspHI-restricted 
plasmid pM RF-HN to produce plasmid pM' RF-HN. Clones 
containing the BspHI-BspHI oligonucleotide cassette in 
the proper orientation were identified by sequence 
analysis of the oligonucleotide linker and its flanking 
regions. To clone the chimeric Frsv~ hn PIV-3 <?ene into 
the baculovirus expression vector (pD2) in which the ATG 
of the polyhedrin start codon was converted to ATT, the 
F RSV" HN PIV-3 truncated gene was first retrieved from 
plasmid pM' RF-HN by cutting the plasmid with EcoRI. 
The 3.3 Kb FpsV-HNpiv-3 gene was then cloned into the 
EcoRI site of the baculovirus expression vector plasmid 
pD2 to generate plasmid pD2 RF-HN. Proper orientation 
of the 3.3 Kb EcoRI Frsv~ hn PIV-3 chimeric gene insert in 
plasmid pD2 RF-HN was confirmed by sequence analysis. 
Example 9 : 

This Example outlines the preparation of plaque- 
purified recombinant baculoviruses containing the 
chimeric F RS V-HNpxv-3 gene. 

Spodoptera frugiperda (Sf9) cells were co- 
transfected with 1 wild-type AcNPV DNA and 2 m9 of 

F RS v " HN PIV-3 plasmid DNA (construct pDlRF-HN) . Putative 
recombinant baculoviruses (purified once by serial 
dilution) containing the FRsV-HNpjv-3 chimeric gene were 
identified by dot-blot hybridization. Lysates of insect 
cells infected with the putative recombinant 
baculoviruses were probed with the 32 P-labelled RSV F or 
PIV-3 HN gene oligonucleotide probes. Recombinant 
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baculoviruses were plaque-purified three times beg§ 
being used for expression studies. All procedures wer; 
carried out according to the protocols outlined by 
Summers and Smith in "A Manual of Methods for 
5 Baculovirus Vectors and Insect Cell Culture Procedures". 
Example 10 : 

This Example illustrates the presence of the 
chimeric Fr S V" hn PIV-3 protein in supernatants of 
infected Sf9 cells. 

10 Insect cells, maintained in serum free medium 

EX401, were infected with the plaque purified 
recombinant baculoviruses at a MOI of 5 to 10 PFU/cell. 
Supernatants from cells infected with the recombinant 
baculoviruses tested positive for expressed protein in 

15 both the RSV-F and PIV-3 HN specific ELISAs. In 
addition, supernatants from infected cells reacted 
positively with an anti-F RSV monoclonal antibody in 
immunoblots. A distinct band of approximately 100 kDa 
was present in the immunoblots. These results confirm 

2 0 the secretion of the chimeric Frsv~ hn PIV-3 protein into 

the supernatant of Sf9 cells infected with the 
recombinant baculoviruses. 

It will be apparent from the foregoing disclosure, 
as illustrated by the Examples, that the inventors have 
25 disclosed, in this application, the novel idea of 
determining the genes in two or more viruses, that are 
responsible for given antigenic and protective proteins, 
and joining these together such that, when expressed in 
a cell system, the resulting product is a chimeric 

3 0 protein that contains the antigenic proteins and which 

can be used as a vaccine to protect against disease. 

The invention has specified proteins and genes from 
parainfluenza virus and respiratory syncytial virus that 
are protective when used as immunisation agents , but the 
35 invention is not limited to these proteins and the 
organisms that they have come from. The invention may 



be applied to any protein that can be shown to be 
protective and that can be isolated from any organism, 
whether bacterial or viral. Modifications are possible 
within the scope of this invention. 
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ASK GLU ASH THR 

A A T G A A A A C A C T 
TTACTTTTGTGA 

490 

-F2-F1 Cleavage site 

n PHB GLY GLY 

T^CTTTGGAGGG 
AGGAAACCTCCC 

520 



ASP 

GAT 
C T A 



PRO ARG 

C C C A G A 
G G G T C T 



THR 

A C A 
T G T 



lARG] 
A G A 
T C T 



VAL 

G T A 
CAT 



ILE 
ATT 
T A A 



500 

GLY 
G G A 
C C T 
530 



THR 

A C C 
T G G 



ILE 
ATT 
T A A 



ARG 

C G A 
G C T 
510 

ALA 

G C T 
C G A 
540 



■ „,■■ ovn ALA GLN ILE THR 
LSO OK "* .fc T 8 ?\ G^A CAAATTACA 

GACCCTCATCGTTGGAGT C^G TGTTTAAT G^T 

550 

TPn VAL GLU ALA LYS GLN 
ALA ALA VAL ALA LBU VAL \ AGCC AAGCAG 
G C G GCAGTTGCTCTGGTTGAAG ttcgTC 

Sgccgtcaacgagaccaacti 600 

580 3SU 



f 



ALA fLYSl SER ASP ILE GLU LYS LEU LYS GLU 
W G C A AAA TCAGACATCGAAAAACTCAAAGAA 
* ^ m m «n m ariTCTGTAGCTTTTTGAGTTTCTT 

620 630 



C G 



TTTTAGTC 
610 



GLN 



ALA ILE ARG ASP THR ASN LYS ALA VAL 

GCAATCAGGGACACAAACAAAGCAGTGCAG 

CCTGTGTTTGTTTCGTCACGTC 



CGTTAGTC 



640 



650 



660 



SER VAL GLN SER SER ILE GLY ASK LEU ILE 
TCAGTTCAGAGCTCTATAGGAAATTTAATA 
AGTCAAGTCTCGAGAT AT CCTTTAAATTAT 

670 680 690 

VAL ALA ILE LYS SER VAL GLN ASP TYR VAL 

GTAGCAATTAAATCAGTCCAAGATTATGTC 

TTTAGTCAGGTTCTAATACAG 



CATCGTTAA 



700 



710 



720 



ASK I ASK I GLU MET VAL PRO SER ILE ALA ARG 

A A C AA C GAAATGGTGCCATCGATTGCTAGA 
TTTACCACGGTAGCTAACG A_T C T 

740 750 



T T G T T G C 



730 



LEU 



LEU GLY CYS GLU ALA ALA GLY LEU GLN 
CTAGGTTGTGAAGCAGCAGGACTTCAATTA 
CACTTCGTCGTCCTGAAGTTAAT 
760 770 780 



G A T C C A A 



GLY ILE ALA LEU THR GLN HIS TYR SER GLU 
GGAATTGCATTAACACAGCATTACTCAGAA 
ACGTAATTGTGTCGTAATGAGTCTT 
790 800 810 



C C T T A 



LEU THR ASN ILE PHE GLY ASP ASN ILE GLY 
TTAACAAACATATTTGGTGATAACATAGGA 
~ TGTATAAACCACTATTGTATCCT 
820 830 840 



A A T T G T T 



SER LEU GLN GLU LYS GLY ILE LYS LEU GLN 
TCGTTACAAGAAAAAGGAATAAAATTACAA 
AGCAATGTTCTTTTTCCTTATTTTAATGTT 

850 860 870 



GLY ILE ALA SER LEU TYR ARG THR ASN ILE 
GGTATAGCAT CAT TATACCGCACAAATATC 
GTAGTAATATGGCGTGTTTATAG 

880 890 900 



C C A T A T C 



THR GLU ILE PHE THR THR SER THR VAL ASP 

SKCAGAAATATTCACAACATCAACAGTTGAT 
TGTCTTTATAAGTGTTGTAGTTGTCAACTA 

910 920 930 



LYS TYR ASP ILE TYR 
AAATATGATATCTAT 
T T T A T A C T A T A G A T A 

940 

GLU SER ILE LYS VAL 
GAATCAATAAAGGTG 
CTTAGTTAT T T C C A C 

970 

ASP LEU ASN ASP TYR 

GATTTGAATGATTAC 
CTAAACTTACTAATG 

1000 



ASP LEU LEU PHE THR 

GATCTATTATTTACA 
CTAGATAATAAATGT 
950 960 

ARG VAL ILE ASP VAL 

AGAGTTATAGATGTT 
T C T C A AT ATCTACAA 
980 990 

SER ILE THR LEU GLN 

TCAATCACCCTCCAA 
AGTTAGTGGGAGGTT 
1010 1020 



VAL ARG LEU PRO LEU LEU THR ARG LEU LEU 

GTCAGACTCCCTTTATTAACTAGGCTGCTG 
CAGTCTGAGGGAAATAATTGATCCGACGAC 

1030 1040 1050 



ASM THR GLM ILE TYR |LYS| VAL ASP SER ILE 
AACACTCAGATCTACAAAGTAGATTCCATA 
TTGTGAGTCTAGATGTTTCATCTAAGGTAT 

1060 1070 1080 



SER TYR ASM ILE GLM 
TCATATAATATCCAA 
AGTATATTATAGGTT 

1090 

ILE PRO LEU PRO SER 

ATCCCTCTTCCCAGC 
TAGGGAGAAGGGTCG 

1120 

GLY ALA PHE LEU GLY 

GGGGCATTTCTAGGT 
CCCCGTAAAGATCCA 

1150 

GLU CYS ILE GLU ALA 

GAATGTATAGAAGCA 
CTTACATATCTTCGT 

1180 



ASM ARG GLU TRP TYR 
AACAGAGAATGGTAT 
TTGTCTCTTACCATA 
1100 1110 

HIS ILE MET THR LYS 
CATATCATGACGAAA 
GTATAGTACTGCTTT 
1130 1140 

GLY ALA ASP VAL LYS 

GGAGCAGATGTCAAG 
CCTCGTCTACAGTTC 
1160 1170 

PHE SER SER TYR ILE 
TTCAGCAGTTATATA 
AAGTCGTCAATATAT 
1190 1200 



PRO SER AS? PRO GLY PHE VAL LEU ASN 

C C C T TCTGATCCAGGATTTGTACTAAAC 
GGGAA G A C T A G G T C C T^AA A C A T G A T T^G 



HIS GLU MET GLU SER CYS LEU SER GLY ASN 

_ . - ^ <p G C 

3 A C G 

1240 1250 1260 



r gaaatggagagctgcttatcaggaaac 
gtIctttacctctcgacgaatagtcct t t g 



ILE SER GLN CYS PRO ARG THR Iffl JAL ^ 
» m »TCCCAATGTCCAAGAACCACGGTCACA 

TATAGGGTTACAGGTTC T T G G T G C C A G T^T 

1270 



SER ASP ILE VAL PRO ARG TYR ALA PHE VAL 

n, n \ r A C ATT GTTCCAAGATATGCATTTGTC 
AGTCTGTAACAAGGTTC TAT A C G T A A A C^G 



1300 1310 



ASN GLY GLY 



VAL VAL ALA ASN CYS ILE THR 



,7- r "r _ A GGAGTGGTTG CAAACTGTATAACA 
T T I I C T C St 2 A C C A A C G T T T G A C A T A T TOT 

1330 1340 j~>3« 

TOR THR CYS THR CYS ASN GLY ILE DEfH ASN 
™^C A CC TGTACATGCAACGGAATCGACAAT 
T G G T G G A CAT G T A C G T T G^C T T A G C T G ^TA 



ACCACCTGT 

: a 

1360 

*»r ttjs ASN GLN PRO PRO ASP GLN GLY VAL 

aTa a ™c A AT CAACCACCTGATCAAGGAGTA 
TCTTAGTTAGTTGGTGG ACT A G T T C C T CAT 

1390 1400 

rvfl TtB ILE THR HIS LYS GLU CYS ASN THR 
aaa a ?t a ?a AC A CATAAAGAATGTAATACA 
TTTTAATATTGTGTATT T C T T A C A T T A T G T 

1420 1430 j-ttv 

TTP eL Y TLB ASN GLY MET LEU PHE ASN THR 

A T A G G T A ?C AACGGAATGCTGTTCAATACA 
tat?2atagttgcctta C G A C A A G T T A T G T 

1450 1460 1,/u 

*SN LYS GLU GLY THR LEU ALA PHE TYR THR 

A AT AAA G A A GGAACTCTTGCATTCTACACA 
TTATTTCTTCCTTGAGAACGTAAGATG T G T 

1480 1490 1DUO 



PRO ASH * ™ ™ c * 

1510 1520 
- T1 , »ap TLB SBR ILE GLO 

— = n sTi s?* 5T1 sTs s 1 si s t $ 1 § s 5 s 

CGTGAACTAGGTTAAU 1 ^ 156 0 

1540 15DU 

_ _ - TVfl ot?« ASP IiEU GLU GLU 
ASN LYS AIA LYS SBR - - - , 



115X1 AAA. G C C AAA T C A GATCTAGAAGAA 

-TTAACAAAGCCAAA J. ^ ^ _ „ „ „ » m p n- n fT 

? T C 
1570 



3E R «. «, TKP X» ARG ABO t SBR a a »8H t ^ 
AGTTTTCTTACCTATT C T T 0 = A G T T T A G , , 

1600 1610 

«\ c L ?°a gTt t 8 ? B T A 1 ?, g°g\ aT= tTg cTt cTa 

TTTGATCTAAGATAACC T T T G A C C G T A G T T 

163 0 1640 

SER SB* » ™ ™ ^x"^"*^ 

AGATCGTGATGTTAGTA A T A A A A T ^ 

1660 1670 



-TM- 



"mET ILB ILB II* ™ ILB ILB ASN VAL 

aTo a X ?c attatattgtttataattaatgta 

TACTAGTAATATAACAA ATA T T A A 



1690 170 ° 



H£3 



LYS TYR TYR 



THR ILB ILE ITHRl ILB ALA i-— ■ -~ «p a T T A C 

aTgataattacaattgcaattaagtattac 

TGCTATTAATGTTAACG T T A A 1 1 174Q 



ARG II* GLH M. ARG ASK ARG «» C Ta 

1750 1760 



ASP LYS PRO TYR VAL 



LED THR ASM LYS 



M "n. r*n a AG CCA TAT G T A C T AACAAACAAA 
TTACTGTTCGGTATACA T G A T T u 

1780 1790 



CATATCTATAGATCATTAGATATTAAA 
°S§SSSIgATATCTAG T A X T C T A T A A T T * 

1810 J-B^u 



A C 



A 
T 



T T A 
A A T 



T A A 
ATT 



AAA 
T T T 
1840 



A 
T 



HN gene 



CTTAGGAGTAAAGTTACGC 
GAATCCTCATTTCAATGCG 

1850 1860 



AATCCAACTCTACTCATATAATTGACGGG 
GGTTGAGATGAGTATATTAACTGCCC 

1870 1880 



T T A 



wiaure 1- Nucleotide and amino acid sequences of the PIV-3 
KTSji - sfauence is ^"^t^- ( ( ^ A ' an fSf transmembrane 
^ranU,=rdoBaT„- J^JSSLffi The' predicted 
ilia is indicated by the arrow ( I ) - Amino acids differing from 
3£ pSbliShid coding sequence of the PIV-3 F gene are boxed. 
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FIGURE 3. 



MET GLD TYR TRP 

AGACAAATCCAAATTCGAGATGGAATACTG 
TCTGTTTAGGTTTAAGCTC'TACCTTATGAC 

10 20 30 



LYS HIS THR ASN HIS GLY LYS ASP ALA GLY 

GAAGCATACCAAT C A CGGAAAGGATGCTGG 
CTTCGTATGGTTAGTGCCTTTCCTACGACC 

40 50 60 



ASN 

C A A T 
G T T A 



GLY 

T G G C 
A C C G 



GLD 
GAG 
C T C 



ASN 

A A C 
T T G 



LEU 

C T G 
G A C 
70 

LYS 
A A G 
T T C 
100 



GLU THR SER MET 

GAGACGTCCATG 
C T C T G C A G G T A C 

80 



LEU 



ILE 
TATA 
A T A T 



LEU 

T T A 
A A T 



TRP 

T G G 
A C C 
130 



THR ASN LYS 

CTCACCAATAAG 
GAGTGGTTATTC 

110 

TM 

THR ILE ILE LEU 
ACAATAATCCTG 
TGTTATTAGGAC 

140 



ALA THR IaSN] 
GCTACTAA 
CGATGATT 
90 

+ 

ILE THR TYR 
ATAACATA 
TATTGTAT 
120 



VAL LEU 

G T G T T A 
C A C A A T 



LEU 

T T 
A A 
150 



SER ILE VAL PHE ILE ILE VAL 

ATCAATAGTCTTCATCATAGTG 
TAGTTATCAGAAGTAGTATCAC 

160 170 



LEU ILE 

C T A A T T 
G A T T A A 



ASN 

A A 
T T 
180 



SER ILE LYS SER GLU LYS ALA HIS GLU SER 

TTCCATCAAAAGTGAAAAGGCTCATGAATC 
AAGGTAGTTTTCACTTTTCCGAGTACTTAG 

190 200 210 



LEU LEU GLN ASP |ILE| ASN ASN GLU PHE MET 

ATTGCTGCAAGACATAAATAATGAGTTTAT 
TAACGACGTTCTGTATTTATTACTCAAATA 

220 230 240 

GLU llLE| THR GLU LYS ILE GLN MET ALA SER 
GGAAATTACAGAAAAGATCCAAATGGCATC 
CCTTTAATGTCTTTTCTAGGTTTACCGTAG 

250 260 270 

ASP ASN ITHRI ASN ASP LEU ILE GLN SER GLY 
GGATAATACCAATGATCTAATACAGTCAGG 
CCTATTATGGTTACTAGATTATGTCAGTCC 

280 290 300 



™ — *S\ aTg cTt cf. ™a aT* cTc I x*f 

S A C T T A T |j T ? ? S A A S X O T T A A O T C 

HIS VAL GUI «* I™ ™° » E A t Ta C^" 

340 JOU 
TH R GLN GLN MET SER ASP LEU ^AM LY8^ ^ 

HE SER « X» — A X ?T « A A T T G T T aT 
GTAATCAC T^T TAATGTTA A^T CTTTACTA T^T 

[ffl GLU VAL BHI ~ c G f A a^A A X T E A aTa cT 
T C A A GAAGT. GCTGCCACAAAGA tattgt 

AGTT.CTTCACGACGGTG1J 450 

430 

tvs PRO LEO ASN PRO ASP 

GLY I ^ E . * t \ c C T T T A A A T C C A G A 
airATGTGGGTATAAAACCTli£ T 

IStaSacccatattttgga^attta 



5 a GOGTATXXXACCTT i;;;x - GT ^ 

C A 

460 

___ airo GLY LEU PRO 
AS P PEE TRP ARG CYS THR SER GLY c *T T C C 

A c T* A A A A A TCTACGTG GAC C A G A A G^G 

MET LYS THR , « A ? A x^x A? G T? 

lTGAAAACTCCAAAAATA^ ccaa 

TAGAAATTACTTTTGAGGTTTT ^ 



T C T TTAATGAAAACTCCAAA ??a;tccaA 

i « » ^ ^ T T A C T T T T G A G G T_T J. x 54Q 

520 

„ „_ TWTT ALA MET PR° 

MET 5BO GLY PRO GLY LEO LEO ^ ^ ip g c C 

THR TH* AS, GLY CYS SSS « A ™% C "f 

580 3 * 






T 
A 



T 
A 



TYR 
TAT 
ATA 



GUT 

C A G 
G T C 



THR 

A C C 
T G G 



ASP 

GAT 
C T A 



SER 

T C A 
A G T 
640 

ILE 

ATA 
TAT 
670 



ASM 

A A T 
T T A 



LED 

C T A 
GAT 



GLY 

G G A 
C C T 



LYS 

AAA 
T T T 



ASP LEU ILE 

GATCTGATT 
CTAGACTAA 
620 

ILE THR ARG 

ATTACTCGA 
TAATGAGCT 
650 

SER TYR GLN 

TCATATCAA 
AGTATAGTT 
680 



TYR 
TAT 
ATA 



GLY 

G G T 
CCA 



VAL 

G T C 
C A G 



SER 



ALA 

G C 
C G 
630 

CYS 

T G 
A C 
660 

LEU 

T T 
A A 
690 

ASP 



GLN ILE GLY ILE ILE THR VAL ASN 

ACAGATAGGGATAATAACTGTAAACTCAGA 

CCTATTATTGACATTTGAGTCT 
700 710 720 



TGTCTATC 



SER 



LEU VAL PRO ASP LEU ASK PRO ARG ILE 

CTTGGTACCTGACTTAAATCCCAGGA T_C T C 
CCATGGACTGAATTTAGGGTCCTAGAG 

730 740 



G A A 



750 



HIS THR PHE ASM ILE ASM ASP ASN ARG LYS 

TCATACTTTTAACATAAATGACAATAGGAA 
AGTATGAAAATTGTATTTACTGTTATCCTT 

760 770 780 

SER CYS SER LEU ALA LEU LEU ASN THR ASP 

GTCATGTTCTCTAGCACTCCTAAATACAGA 
CAGTACAAGAGATCGTGAGGATTTATGTCT 

790 800 810 

VAL TYR GLN LEU CYS SER THR PRO LYS VAL 
ATATCAACTGTGTTCAACTCCCAAAGT 



T G T 

ACATATAGTTG 

820 



ACACAAGTTGAGGGTTTCA 



830 



840 



GLY 



ASP GLU ARG SER ASP TYR ALA SER SER 

GAAAGATCAGATTATGCATCATCAGG 
CTTTCTAGTCTAATACGTAGTAGTCC 
850 860 870 



T G A T 
ACTA 



ILE GLU ASP ILE VAL LEU ASP ILE VAL ASN 

A G A A G A T AT TGTACTTGA T A T T G T C A A 
CTTCTATAACATGAACTATAACAGTT 
880 890 900 



CAT 
G T A T 



TYR ASF GLY SER ILE 

TTATGATGGCTCAATC 
AATACTACCGAGTTAG 

910 



SER THR THR ARG PHE 

TCAACAACAAGATT 
AGTTGTTGTTCTAA 
920 930 



LYS ASN ASN ASM ILE 

TAAGAATAATAACATA 
ATTCTTATTATTGTAT 

940 

TYR ALA ALA LETT TYR 
TTATGCTGCACTATAC 
AATACGACGTGATATG 

970 



SER PHE ASP GLN PRO 

AGCTTTGATCAACC 
TCGAAACTAGTTGG 
950 960 

PRO SER VAL GLY PRO 

CCATCTGTTGGACC 
GGTAGACAA'CCTGG 
980 990 



GLY ILE TYR TYR LYS 

.AGGGATATACTACAAA 
TCCCTATATGATGTTT 

1000 



GLY LYS ILE ILE PHE 

GGCAAAATAATATT 
CCGTTTTATTATAA 
1010 1020 



LEU GLY TYR GLY GLY LEU GLU HIS PRO ILE 

TCTCGGGTATGGAGGTCTTGAACATCCAAT 
AGAGCCCATACCTCCAGAACTTGTAGGTTA 

1030 1040 1050 

ASM GLU ASM IVALI ILE CYS ASM THR THR GLY 

AAATGAGAATGTAATCTGCAACACAACTGG 
TTTACTCTTACATTAGACGTTGTGTTGACC 

1060 1070 1080 



CYS PRO GLY LYS THR 

GTGTCCCGGGAAAACA 
CACAGGGCCCTTTTGT 

1090 

GLM ALA SER HIS SER 

TCAGGCATC-T-CATAG-T 
AGTCCGTAGAGTATCA 

1120 

ARG ARG MET VAL ASN 

TAGGAGGATGGTCAAC 
ATCCTCCTACCAGTTG 

1150 



GLM ARG ASP CYS ASM 

CAGAGAGACTGCAA 
GTCTCTCTGACGTT 
1100 1110 

PRO TRP PHE SER ASP 

CCATGGTTTTCAGA 
GGTACCAAAAGTCT 
1130 1140 

SER ILE ILE VAL VAL 

T C T A TC ATTGTTGT 
AGATAGTAACAACA 
1160 1170 



ASP LYS GLY LEU ASM 

TGACAAAGGCTTAAAC 
ACTGTTTCCGAATTTG 

1180 



SER ILE PRO LYS LEU 
TCAATTCCAAAATT 
AGTTAAGGTTTTAA 
1190 1200 



lys val trp thr xls 

g'aaggtatggacgata 

CTTCCATACCTGCTAT 

1210 

TYR TRP GLY SER GLU 
TTACTGGGGGTCAGAA 
AATGACCCCCAGTCTT 

1240 



SER MET ARG GLN ASM 

TCTATGAGACAGAA 
AGATACTCTGTCTT 
1220 1230 

GLY ARG LEU LEU LEU 

GGAAGGTTACTTCT 
CCTTCCA ATGAAGA 

1250 1260 



LEU GLY ASN LYS ILE 
ACTAGGTAACAAGATC 
TGATCCATTGTTCTAG 

1270 

SER THR SER TRP HIS 

ATCCACAAGTTGGCAT 
TAGGTGTTCAACCGTA 

1300 



TYR ILE TYR THR ARG 
TATATATATACAAG 
ATATATATATGTTC 
1280 1290 

SER LYS LEU GLN LETT 
AGCAAGTTACAATT 
TCGTTCAATGTTAA 
1310 1320 



GLY ILE ILE ASP ILE 

AGGAATAATTGATATT 
TCCTTATTAACTATAA 

1330 

ILE ARG ILE LYS TRP 

TATAAGGATAAAATGG 
ATATTCCTATTTTACC 

1360 

LEU SER ARG PRO GLY 

GCTATCAAGACCAGGA 
CGATAGTTCTGGTCCT 

1390 

TRP GLY HIS SER CYS 

ATGGGGACATTCAT G T 
TACCCCTGTAAGTACA 

1420 

THR GLY VAL TYR THR 

AACAGGAGTATATACT 
TTGTCCTCATATATGA 

1450 

ASN PRO THR GLY SER 

CAATCCCACAGGGAGC 
GTTAGGGTGTCCCTCG 

1480 



THR ASP TYR SER ASP 

ACTGATTACAGTGA 
TGACTAATGTCACT 
1340 1350 

THR TRP HIS ASM VAL 

ACATGGCATAATGT 
T G T A CCGTATTACA 
1370 1380 

ASM ASM GLU CYS PRO 

AACAATGAATGTCC 
TTGTTACTTACAGG 
1400 1410 

PRO ASP GLY CYS ILE 
CCAGATGGATGTAT 
GGTCTACCTACATA 
1430 1440 

ASP ALA TYR PRO LEU 
GATGCATATCCACT 
CTACGTATAGGTGA 
1460 1470 

ILE VAL SER SER VAL 

ATTGTGTCATCTGT 
TAACACAGTA G A C A 
1490 1500 



VAIj asn 

« SER GLN MB SB ,* G T G A A 

IM LEO ASP SER cAAAAATCGAGAG actt 

ATATTAGATTCA TTAGC TQ.i- l530 

-" mAAGa 1520 



TATAATCTAA 
T 1510 



GLU 



.fc >™ *Ts iTi 5 ?R iTs s 5 



; G G T C A G T^T T 



ARG VAL 

aA .gagtaaac 

^ T C T C A T T^G C T 



▼tw ARG ASN _ 
ASN GWJ LS* C G A A A C A G 

ASN GAGCTGGCCATC tttG c 

CGACCGGTAw 1590 
1580 



SER 



THR LEO SER 
AA CACTCTCAGC 

TTG TG AGAGTC 



ALA OLT ^ aTa aTa aTa A G 

I S 'a T A T A T G T T G T T G T T C 

A 1610 



1620 



CYS 



CYS ILB THR 

cT GCATCACAC 

Sacgtagtgtg 

G A ^ 1630 



HIS TYR ASN LYS % A T A T T G 

AC TATAACAAAG TAAC 

T G A T A T T G T T T C 165Q 
1640 



SER 



PHE HIS 

m TT TCATATA 

I 11 X « * * = 



A x 1670 



«o Offl ™\ M cTx =?c x"f« % il% *T 

CTTAAACACAC"l AGTTG ^ A C A A ^ 1?1Q 



rAATTTGTGT 
G A A l69Q 



*** 



THR «, Effl T -° A xf C J°f C xf T T X X t , C 

GACAGAGGT1^ TTCGA CGJ-^ 174Q 

CTGTCTCCAAGGTTA i?30 

c 1 1720 



aT AATTAACCGCAA- tacG 

1750 



T A T T A A 



G T A A T 



C A G C 



, * r-TATATGATAAu J.«"- G CG 
TATAATACAAGTATA ac t t c A T T A G ^ 



A T 



AT TATGTTCA 
A 1780 



,-»r*AAAAGGGAAATATAA 
■ T T A G T C T G * X J 1820 1830 



AAA 
T T T 



Fig ur. Hucleotid* and I a»in= ^^^^S^^TlTS; 
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FIGURE S. 

* — — ' 

MET GLU LEU |PRO| ILE LEU LYS ALA A 

TAACAATGGAGTTGCCAATCCTCAAAGCAA 

ATTGTTACCTCAACGGTTAGGAGTTTCGTT 

10 20 30 



SN ALA ILE THR THR ILE LEU |AIiA| ALA VAL T 
ATGCAATTACCACAATCCTCGCTGCAGTCA 
TACGTTAATGGTGTTAGGAGCGACGTCAGT 

40 50 60 
* 

HR PHE CYS PHE ALA ISErI SER GLN ASM ILE T 

CATTTTGCTTTGCTTCT AG TCAAAACATCA 
GTAAAACGAAACGAAGATCAGTTTTGTAGT 

70 80 90 

HR GLU GLU PHE TYR GLN SER THR CYS SER A 

CTGAAGAATTTTATCAATCAACATGCAGTG 
GACTTCTTAAAATAGTTAGTTGT AC G T C A C 

100 110 120 



LA VAL SER LYS 

CAGTTAGCAAA 
GTCAATCGTTT 

130 



GLY TYR LETT 

GGCTATCTT 
CCGATAGAA 

140 



SER ALA LEU A 

AGTGCTCTAA 
TCACGAGATT 

150 



RG THR GLY TRP 

GAACTGGTTGG 
C T T G A C C A A C C 

160 



TYR THR SER 

TATACTAGT 
ATATGATCA 

170 



VAL ILE THR I 

GTTATAACTA 
CAATATTGAT 

180 



LE GLU LEU SER 
TAGAATTAAGT 
ATCTTAATTCA 

190 

YS ASM GLY THR 

GTAATGGAACA 
CATTACCTTGT 

220 

It! LYS GLN GLU 
TGAAACAAGAA 
ACTTTGTTCTT 

250 

LA VAL THR GLU 

C T G T A A C AG A A 
GACATTGTCTT 

280 



ASM ILE LYS 
AATATCAAG 
TTATAGTTC 

200 

ASP ALA LYS 

GATGCTAAG 
CTACGATTC 

230 

LEU ASP LYS 

TTAGATAAA 
AATCTATTT 

260 

LEU GLN LEU 

TTGCAGTTG 
AACGTCAAC 

290 



GLU ASM LYS C 
GAAAATAAGT 
CTTTTATTCA 

210 

VAL LYS LEU Jjf 
GTAAAATTGA 
CATTTTAACT 

240 

TYR LYS ASM A 
TATAAAAATG 
ATATTTTTAC 

270 

LEU MET GLN S 
CTCATGCAAA 
GAGTACGTTT 

300 



W-r* * T ^\ PR ° [aTa] ASN ASN ARG ALA AUG A 

GCACACCAGCAGCAAACAATCGA G C C A r * a 

cgtgtggtcgtcgtttgttag?tcgStc?t 

310 320 330 

RC \ ^ G ? U > LBU PR ° ARG PH E MET ASN TYR THR L 

gag . aactaccaa ggtttatgaattat AC A C 
ctcttgatggttccaaatacttaatatgtg 



340 



350 



360 



EU ASM ASN jTHRl LYS LYS THR ASN VAL THR T. 
T C A A C A A T A C C A A A A A A A C C A A T G T A aT A T 

agttgttatggtttttttggttacattSta 



370 



380 



390 



EU SER LYS LYS ARG LYS ARG ARG fl^ SS™? 

taagcaagaaaaggaaaagaagattt c t t g 
attcgttcttttccttttcttctIIagaac 

400 410 420 

LY PHE LEU LEU GLY VAL GLY SER ALA II.E a 

GTTTTTTGTTAGGTGTTGGA T C T G C A A £ C G 

CAAAAAACAATCCACAACCTAGACGTTAGC 

430 440 45Q 

LA SER GLY flLEl ALA VAL SER LYS VAL LEU w 

CCAGTGGCATTGCTGTATCT A AG G T C C T G C 

GG TCACCGTAACGACATAGATTCCAGGACG 

460 470 480 

m L S° ° tU GZY GLO VAL ASN LYS ILE LYS S 

ACTTAGAAGGAGAAGTGAACAAG A T C AAA a 

TGAATCTTCCTCTTCACTTGTTCTAGTTTT 

490 500 510 

S R m ^ A ^ m 180 LED SER THR ASN LYS ALA VAL V 
GTGCTCTACTATCCACAAACAAG G C C G T A G 

CA-CGAGATGATAGGTCTTTGTTCCCGCATC 

520 530 540 

AL o * S 5 R « 120 8ER ASN GLY VAL SER VAL LEU T 

TCAGCTTATCAAATGGAGTTAGT G T C T T A A 

AGTCGAATAGTTTACCTCAATCACAGAATT 

550 560 570 

HR SER LYS VAL LEU ASP LEU LYS ASN TYR T 

CCAGCAAAGTGTTAGACCTC AAA A AC TAT A 

GGTCGTTTCACAATCTGGAGTTTTTGATAT 

580 590 600 



ASP LYS GIaK LEU LEU PRO ILE VAL ASN L 

AGATAAACAATTGTTACCTATTGTGAATA 
TCTATTTGTTAACAATGGATAACACTTAT 
610 620 630 



YS 



GIiN 



SER 



CYS 



ARG 



ILE SER ASM ILE GLU T 

AGCAAAGCTGC A G~A ATATCAAATATAGAAA 
TCGTTTCGACGTCTTATAGTTTATATCTTT 

640 650 660 



HR VAL ILE GLU PHE GLN GLN LYS ASN ASM A 

CTGTGATAGAGTTCCAACAAAAGAACAACA 
GACACTATCTCAAGGTTGTTTTCTTGTTGT 

670 680 690 



RG LEU LEU GLU ILE THR ARG GLU PHE SER V 
GACTACTAGAGATTACCAGGGA. ATTTAGTG 
CTGATGATCTCTAATGGTCCCTTAAATCAC 

700 710 720 



AL ASM ALA GLY 

TTAATGCAGGT 
AATTACGTCCA 

730 

HR TYR MET LEU 

CTTACATGTTA 
GAATGTACAAT 

760 



VAL THR THR 

GTAACTACA 
CATTGATGT 

740 

THR ASM SER 
ACTAATAGT 
TGATTATCA 

770 



PRO VAL SER T 

CCTGTAAGCA 
GGACATTCGT 

~ 750 

GLU LEU LEU S 
GAATTATTGT 
CTTAATAACA 

780 



ER LEU ILE ASM ASP MET PRO ILE THR ASM A 

CATTAATCAATGATATGCCTATAACAAATG 
GTAATTAGTTACTATACGGATATTGTTTAC 

790 800 810 



SP GLN LYS LYS 
ATCAGAAAAAG 
TAGTCTTTTTC 

820 

LM ILE VAL ARG 

AAATAGTTAGA 
TTTATCAATCT 

850 

ET SER ILE ILE 
TGTCCATAATA 
ACAGGT. ATTAT 

880 



LEU MET SER 

TTAATGTCC 
AATTACAGG 

830 

GLN GLN SER 
CAGCAAAGT 
GTCGTTTCA 

860 

LYS GLU GLU 
AAAGAGGAA 
TTTCTCCTT 

890 



ASN ASN VAL G 

AACAATGTTC 
TTGTTACAAG 

840 

TYR SER ILE M 
TACTCTATCA 
ATGAGATAGT 

870 

VAL LEU ALA T 

G.TCTTAGCAT 
CAGAATCGTA 

900 



£R VAL VAX 

ATGTAGTACAA ^ m _ 
ATCATGTT. AATG 

910 



T A C 



„„ TEn pro LED TYR GLY VAL I 
GLN T " A CCA CTATATGGTGTGA 
GTGATATACCACACT 

920 930 



M « rvs TRP LYS LEU HIS THR S 

LE SV* aTa C C T T G T T G G AAATTACACACAT 
AGATACACCTTG11 cctttaatgtgTGTA 

950 960 



ATCTATGTGGAA 

940 



BR PRO LEU CYS 

CCCTCTATGTACA 

GAGATACATGT 
970 



C 

G G G 



THR THR ASN THR LYS GLU 0 
ACCAACACAAAAGAAG 

T G G T T G T G TTTTCTTC 

980 990 



TTfl e vs LEU THR ARG THR ASP 1 
LY SBR ASN ILE CYS LEU ^ q AAGAACTGACA 
GGTCAAACATCTGTTTAACA tgactgT 

CCAGTTTGTAGACAAAi j. * j 1Q20 

1000 ■ LO - LU 



RG GLY TRP TYR 

GAGGATGGTACTGTG 

CTCCTACCATGACA 

1030 



GLY 



SER 



CYS ASP ASN ALA _ 

ACAATGCAGGATCAG 

CTGTTACGTCCTAGTC 
1040 



C A C 



AL SER PHE PHE 

TATCTTTCTTCC 

AAAGAAGGGTGTT 

1060 



CYS 



A T A G 



PRO GLN ALA GLU THR 

AAGCTGAAACATGTA 

CGACTTTGTACAT 
1070 1080 



YS VAL 

A A G T T 
T T C A A 



HR 

C A 
G T 



MET 

A T G 
T A C 



GLN SER 

C A A T C G 
G T T A G C 
1090 

ASN SER 

A A C A G T 
T T G T C A 
1120 



ASN ARG VAL 

AATCGAGTA 
TTAGCTCAT 
1100 

LEU THR LEU 
TTAACATTA 
AATTGTAAT 
1130 



PHE CYS 

T T T T G T 
A A A A C A 



PRO 

CCA 
G G T 



SER 

A G T 
T C A 



ASP T 
G A C A 
C T G T 
1110 

GLU (V 
G A A G 
C T T C 
1140 



ALl ASN LEU CYS ASN 
"ta AATCTCTGCAATG 
ATTTAGAGACGTT 

1150 



VAL ASP ILE PHE ASN I 
TTGACATATTCAATC 

CAACTGTATAAGT TAG 
1160 1170 



RO LYS TYR ASP CYS LYS ILE MET THR ■« I 

CCAAATATGATTGTAAAATTATGAC aagtt 

GGTTTATACTAACATTT T A a J. 12Q0 

1180 1190 



76 THR ASP VAL 
AAACAGATGTA 
TTTGTCTACAT 

1210 

ER LEU GLY ALA 

CTCTAGGAGCC 
GA'GATCCTCGG 

1240 

YS THR LYS CYS 
AAACTAAATGT 
TTTGATTTACA 

1270 

RG GLY ZLE ILE 
GTGGAATCATA 
CACCTTAGTAT 

1300 

YS ASP TYR VAL 

GTGATTATGTA 
CACTAATACAT 

13 3 0 

HR VAL SER VAL 

CTGTGTCTGTA 
GACACAGACAT 

1360 

AL ASN LYS GLN 
TAAATAAGCAA 
ATTTATTCGTT 

1390 

AL LYS GLY GLU 
TAAAAGGTGAA 
ATTTTCCACTT 

1420 

SP PRO LEU VAL 

ACCCATTAGTA 
TGGGTAATCAT 

1450 

SP ALA SER ILE 
ATGCATCAATA 
TACGTAGTTAT 

1480 



SER SER SER 

AGCAGCTCC 
TCGTCGAGG 
1220 

ILE VAL SER 

ATTGTGTCA 
TAACACAGT 
1250 

THR ALA SER 

ACAGCATCC 
TGTCGTAGG 
1280 

LYS THR PHE 
AAGACATTT 
TTCTGTAAA 
1310 

SER ASN LYS 

TCAAATAAA 
AGTTTATTT 
1340 

GLY ASN THR 
GGTAACACA 
CCATTGTGT 
1370 

GLU GLY LYS 
GAAGGCAAA 
CTTCCGTTT 
1400 

PRO ILE ILE 
CCAATAATA 
GGTTATTAT 
1430 

PHE PRO SER 

TTCCCCTCT 
AAGGGGAGA 
1460 

SER GLN VAL 
TCTCAAGTC 
AGAGTTCAG 
1490 



VAL ILE THR S 
GTTATCACAT 
CAATAGTGTA 

1230 

CYS TYR GLY L 
TGCTATGGCA 
ACGATACCGT 

1260 

ASN LYS ASN A 

AATAAAAATC 
TTATTTTTAG 

1290 

SER ASN GLY C 

TCTAACGGGT 
AGATTGCCCA 

1320 

GLY IVALI ASP T 
GGGGTGGACA 
CCCCACCTGT 

1350 

LEU TYR TYR V 
TTATATTATG 
AATATAATAC 

1380 

SER LEU TYR V 

AGTCTCTATG 
TCAGAGATAC 

1410 

ASN PHE TYR A 

AATTTCTATG 
TTAAAGATAC 

1440 

ASP GLU PHE A 

GATGAATTTG 
CTACTTAAAC 

1470 

ASN GLU LYS I 
AATGAGAAGA 
TTACTCTTCT 

1500 



ASM GLN SER LEU ALA PHZ ILE ARG LYS S 

TTAACCAGAGTTTAGCATTTATTCGTAAAT 
AATTGGTCTCAAATCGTAAATAAGCATTTA 

1510 1520 1530 

ER ASP GLU LEU LEU HIS ASM VAL ASM ALA G 



c c 


GAT 


G A A T T A 


T T A 


CAT 


A A T 


G 


T 


A 


A 


A 


T 


G 


C T G 


G G 


C T A 


C T T A A T 


A A T 


G T A 


T T A 


C 


A 


T 


T 


T 


A 


C 


G A C 






1540 






1550 
















1560 


LY 


LYS 


SER THR 


THR 


ASM 


ILE 


MET 


ILE 


THR T 


G T 


AAA 


T C A A C C 


A C A 


A A T 


A T C 


A 


T 


G 


A 


T 


A 


A 


C T A 


C A 


T T T 


A G T T G G 


T G T 


T T A 


TAG 


T 


A 


C 


T 


A 


T 


T 


GAT 






1570 






1580 
















1590 


































TM 




















HR 


ILE 


ILE ILE 


VAJj 




ILE 


VAL 


ILE 


LEU L 


C T 


ATA 


A T T A T A 


G T G 


ATT 


ATA 


G 


T 


A 


A 


T 


A 


T 


T G T 


G A 


TAT 


T A A T A T 


C A C 


rp TV T\ 
i A A 


TAT 


C 


A 


T 


T 


A 


T 


A 


A C A 






1600 






1610 
















1620 


EU 


SER 


LEU ILE 


ALA 


. VAL 


GLY 


LEU 


LEU 


LEU T 


T A 


T C A 


T T A A T T 


G C T 


G T T 


G G A 


C 


T 


G 


C 


T 


C 


C 


TAT 


A T 


A G T 


A A T T A A 


C G A 


C A A 


C C T 


G 


A 


C 


G 


A 


G 


G 


ATA 






1630 






1640 
















1650 


YR 


r 

CYS 


LYS ALA 


ARG 


SER 


THR 


PRO 


VAL 


THR L 


A C 


T G T 


A A G G C C 


A G A 


A G C 


A L. A 


C 


C 


A 


G 


T 


C 


A 


C A C 


T G 


A C A 


T T C C G G 


T C T 


T C G 


T G T 


G 


G 


T 


C 


A 


G 


T 


G T G 






1660 






1670 
















1680 


EU 


SER 


LYS ASP 


GLN 


LEU 


SER 


GLY 


ILE 


ASN A 


T A 


A G C 


A A G G A T 


C A A 


C T G 


A G T 


G 


G 


T 


A 


T 


A 


A 


ATA 


A T 


T C G 


T T C C T A 


G T T 


G A C 


T C A 


C 


C 


A 


T 


A 


T 


T 


TAT 






1690 






1700 
















1710 


SM 


ILE 


ALA PHE 


SER 


ASN 


* * * 


















A T 


A~T T 


G C A T T T 


A G T 


A A C 


T G A 


A 


T 


A 


A 


A 


A 


A 


TAG 


T A 


T A A 


C G T A A A 


T C A 


T T G 


ACT 


T 


A 


T 


T 


T 


T 


T 


A T C 






1720 






1730 
















1740 


C A 


C C T 


A A T C A T 


G T T 


C T T 


A C A 


A 


T 


G 


G 


T 


T 


T 


ACT 


G T 


G G A 


T T A G T A 


C A A 


G A A 


T G T 


T 


A 


C 


C 


A 


A 


A 


T G A 






1750 






1760 
















1770 



ATCTGCTCATAGACAACCCATCTATCATTG 
T A G A CGAGTATCTGTTGGGTAGATAGTAAC 

1780 1790 1800 



ATTTTCTTAAAATCTGAACTTCATCGAAA 
CTAAAAGAATTTTAGACTTGAAGTAGCTTT 

1810 1820 1830 

CTCTTATCTATAAACCATCTCACTTACACT 
GAGAATAGATATTTGGTAGAGTGAATGTGA 

1840 1850 I860 



A T T T 
T A A A 



Figure 5: Nucleotide and amino acid sequences of the RSV F gene. 
The cDNA sequence is shown in the plus (mRNA) strand sense in the 
5' to 3' direction. The signal peptide (SP) and the transmembrane 
(TM) anchor domain are underlined. The predicted F2-F1 cleavage 
site is indicated by the arrow ( i ) . Amino acids differing from 
the published coding sequence of the RSV F gene are boxed. 
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AGURE 9: IMMUNOBLOTS OF CELL LYSATES FROM Sf9 CELLS 
INFECTED WITH RECOMBINANT BACULOVIRUSES 




Figure 9: Immunoblots of cell lysates from Sf9 cells infected with 
recombinant baculoviruses containing the truncated RSV F gene (Lane 
1), the chimeric F PIV _ 3 -F RSV gene (Lane 2) or infected with wild type 
virus (Lane 3) reacted with anti-F RSV Mab (panel A) and anti-Fl 
PIV-3 antiserum (panel B) . 



FIGURE 10: SEQUENCE OP OLIGONUCLEOTIDE CASSETTE 

BspHI BspHI 

CATGACTAATTCCATCAAAAGTGAAAAGGCT 

TGATTAAGGTAGTTTTCACTTTTCCGAGTAC 



